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(57) Abstract 

A method and apparatus for transmitting information indicative of an output signal of a sensor (20) to a remote location. 
The method comprises the steps of transmitting a first pulse (48a), a second pulse (48b) and a third pulse (48c) to a receiving dr- 
cuit (50) at times that are ratiometrically related to the output signal of the sensor. The receiving circuit receives the first, second 
and third pulses and computes a number indicative of the value of the output signal of the sensor as a function of tiie times at 
which the three pulses are received. In the preferred embodiment, the sensor is powered by a battery (12) and uansmits the first, 
second, and thhd pulses to the receiver drcuit as light pulses conveyed on a fiber-optic cable. 
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METHOD AND APPARATUS FOR TRANSMnTING INFORMATION 
FROM A SENSOR USING TIME PULSE CODE MODULATION 

Field of the Invention 
The present invention relates to electronic sensors in general, and in 
particular to a method and apparatus for transmitting information to a remote 
location. 

5 Background of the Invention 

Automated control systems fliat use a central computer to control the 
operation of a machine or process often collect data indicative of the physical 
paramet^ of the system from a plurality of remotely located sensors. The sensor 
data are used by the central computer when generating a series of signals that 

10 control the operation of the machine or process. Such remote sensors are critically 
important in automated aircraft control systems where they are used for such 
diverse functions as monitoring the position of the aircraft's control surfaces and 
landing gear, monitoring the amount of fuel on board, and the speed and altitude 
of the aircraft. Generally, such remote sensors or transducers are placed in close 

15 proximity with the physical paramet^ to be monitored and transmit an output 
signal to the central computer via a common data bus or dedicated signal path, 
such as a wire. 

In a large aircraft, the amount of wire needed to connect all the remote 
s^ors to a cratral flight control computers can be considerable. Each sensor 
20 usually requires connection to a power bus via a power lead and a ground lead and 
also requires a separate lead that carries tiie ouQ)ut signal of the sCTSor to the 
cmtral computer. In such a control system, the required wire can add significanfly 
to tiie ov^all weight of the system. Minimizing the tare weight of an aircraft is 
usually an important design goal. 
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With the advent of fiber optic technology, it has become possible to achieve 
a significant reduction in the weight of this type of system by replacing the wires 
that connect a remotely located sensor to a central computer wife a fiber optic 
cable. Not only are fiber optic cables much Ughter than copp» wires, thqr are 
5 also immune to electromagnetic coupling, have an increased bandwidth, and can be 
easily routed throughout an aircraft. However, even if a fiber optic cable is used 
to connect the remotely located sensor to the central computer, power must be still 
be supplied to drive the sensor. If standard power busses are used to provide 
power to each soisor and a fiber optic cable is used to transmit the output signal of 

10 the sensor, the overaU weight of the system wiU not be significantty decreased, and 
fidl immunity to electromagnetic coupling wiU not be achieved. Alternatively, it 
may be possible to power the sensor by transmitting Ught down the fiber optic 
cable to the sensor and converting the light to electric power or by providing 
power firom a long life battery, such as a lidiium cdl. lithium cells have a 

15 characteristic shelf life of many years and allow a sensor that is coupled to a 
central computer by a fiber optic cable to be completdy isolated from the other 
electdcal systems of the airoaft. 

Only limited power can be suppUed to a remote sensor by ather a long life 
ntfaium ceill or a photoceU using transmitted Kght that is converted to electrical 

20 power. Hierefore, what is needed is a remote sensing system that draws minimum 
electrical power and allows a sensor to be electricaUy isolated from the remainder 
of the automated system. It is also desirable to provide a remote sensor 
transmitting drcuit that uses a single fiber optic cable to connect each sensor to a 
common rec^ving circuit. FinaHy, it is desirable to provide a remote sensing 

25 dicuit, which aUows a high resolution output signal to be transmitted from the 
remote sexisor. 

Summarv of the Invention 
The present invention relates to a method and apparatus for transmitting 
information indicative of an output signal of a sensor to a remote location. The 

30 oulput signal of the sensor Hes between a minimum sensor value and a majdmum 
sensor value. The method comprises uansmitting at least a first signal, a second 
signal, and a third signal to the remote location- The time at viMch the second 
signal is transmitted compared to flie time at which the first and fliird sfenals are 
transmitted is ratiometricaUy related to the value of the oulput signal of the sensor. 

35 In the ptrfened embodiment, the first signal comprises a first pulse.tiansmitted at a 
time ti; &e second signal comprises a second pulse transmitted at a time ^; and 
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the third signal comprises a third pulse transmitted at a time 13. The time t2 is 
selected such that the ratio of the time 02 - tl) to the time (13 - ti) is indicative of 
the output value of the sensor. Means are disclosed for transmitting the first, 
second, and third signals to the remote transmitter over a fiber-optic cable. A 
5 remote receiver receives the transmitted pulses and computes these ratios to obtain 
a value indicative of llie output signal of the sensor and, thus, of a parameter 
measured by the saisor. 

Brief Description of the Drawings 
FIGURE 1 is a block diagram of a soisor transmitta- according to the 

10 present invention; 

FIGURE 2 is a schematic diagram showing how a sensor is connected to a 
sensor transmitter according to the present invoition; 

FIGUSE 3 is a timing diagram illustrating a pulse time modulation 
tedinique according to the present inv«ition; 
15 FIGURE 4 is a block diagram of a sensor recdver acccnding to the present 

invQition; 

FIGURE 5 is a schematic diagram of a math block included in FIGURE 3. 

Detailed Description of the Preferred Embodiment 
FIGURE 1 is a block diagram of a sensor transmitter according to the 

20 present invention, shown generally at 10. A battery 12 is connected to a period- 
generator 14 tiiat provides the sensor transmitter 10 witii a swies of low duQr cycle 
power pulses. In the prefotied embodiment, electrical curroit is <mly provided to , 
flie transmitter 10 when the period generator 14 is providing a power pulse in order ' 
to extend flie life of the battery 12. When the period generator is pulang "on," a 

25 power pulse is provided cm a lead 16 to each dicuit within transmitt^ 10, 
including a sensor driver drcuit 18, a delay circuit 22, and a voltage ramp 
generating drcuit 32. Upon recapt of the power pulse, sensor driver dicuit 18 
energizes a soisor 20. Sensor 20 can comprise a variety of dectiical transducers, 
sudi as a linear variable differential transformer (LVDT), temperature sensing 

30 transducer, pressure sensing transducer, velodty sensing transducer, etc. Coupled 
to sensor 20 are three sample and hold circuits 26, 28, and 30. Sample and hold 
circuit 26 is connected to srasor 20 by a lead 20a- Sample and hold circuit 28 is 
connected to sensor 20 by a lead 20b, and sample and hold circuit 30 is connected 
to sensor 20 by a lead 20c. Preferably, tiie sensor 20 comprises an electrical . 

35 bridge circuit that provides two signals that remain rdativdy fixed in magnitude on 
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leads 20a and 20c and a vaiying signal that is iadicalive of Uie parameter being 

sensed on lead 20b. 

Afier leceiving a power pulse on lead 16, delay ciicuit22 waits a 
piedetennined period of time (typically 10 microseconds) to allow any transient 
5 currents that may be flowing in sensor 20 to setfle down before placing a hold 
signal on a lead 24, which is coupled to each of the sample and hold circuits 26, 
28, and 30. the hold signal causes the sample and hold circuits 26, 28, and 30 to 
lode on to fte signal values on leads 20a, 20b, and 20c, respectively. 

Upon receipt of the power pulse on lead 16, the voltage ramp generator 32 

10 begins generating a linearly varying voltage signal tiiat extends from a level below 
the voltage on lead 20a to a value greater than the voltage on lead 20c. Hiis 
linearly varying voltage signal is appUed to the inverting inputs of three 
comparator circuits 36, 38, and 40 on a lead 34. Comiected to flie non-inv«lmg 
inputs of comparators 36, 38, and 40 are the ou^ut voltages of tiie sample and 

15 hold circuits 26, 28, and 30, respectively. The output of sample and hold 
circuit 26 is connected to the non-inverting input of comparator 36 by a lead 26a. 
Hie output of sample and hold drcuit 28 is connected to the non-inverting input of 
compaiator38 by a lead 28a, and tiie output of sample and hold circuit30 is 
comiected to die non-inverting input of comparator 40 by a lead 30a. When tiie 

20 vahie of tiie linearly varying voltage signal on lead 34 exceeds tiie output signals of 
the sample and hold circuits 26, 28, and 30. each of tiie comparators 36, 38, 
and 40 appKes an output signal pulse to a pulse generator circuit 42. 

When tiie pulse generator circuit 42 receives tiie pulses from 
comparators 36, 38 and 40, it generates a short pulse, approximately 

25 100 nanoseconds long, which is transmitted to a Ught emitting diode (LED) 
driver 46 on a lead 44. LED driver 46 is coupled to a fiber optic cable 47, which 
carries a light pulse to a receiving drcuit (shown in FIGURE4). When 
comparator 36 ^lies an output signal pulse to tiie pulse generator drcuit 42, a 
pulse48a is transmitted on flie fiber optic cable at a timeti. Similarly, as 

30 comparators 38 and 40 ^ly ou^ut signal pulses to flie pulse generator drcuit 42, 
a pair of light pulses 48b and 48c are ttansmitted on tiie fiber optic cable at 
timest2 amit3 respectively. The ou^ut signal pulse fliat is appUed to pulse 
generator drcirit42 by comparator 40 when tiie linearly varying voltage signal 
exceeds tiie ou^ut signal of sample and hold drcuU30 is also fed back to tiie 

35 period goierator 14, causing tiie power pulse to tiim -off and halting tiie dram of 

cunent finom battery 12* 
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By using a linearly varying voltage signal on lead 34, the time at which the 
light pulses 48a, 48b, and 48c are transmitted is proportional to the magnitude of 
the signals sampled by the sample and hold circuits 26, 28, and 30. If the output 
signal of sensor 20 had a lower limit of three volts, an upper limit of nine volts, 
5 and the signal on lead 20b was sampled at six volts, (i.e. the output signal of the 
sensor was halfway between the minimum and maximum values) the time at which 
the second light pulse 48b is transmitted would be midway between the times at 
which pulses 48a and 48c are transmitted. 

FIGURE 2 shows the preferred way of connecting a saisor20 to the 

10 transmitting circuit. The sensor 20, which is shown for illustrative purposes as a 
variable inductor Li and a fixed inductor L2, is connected in a bridge circuit that 
includes resistors Rsi' ^52 and Rs3. The values of these bridge resistors are 
chosen so that the voltages on leads 20a and 20c are always outside the expected 
range of ou^ut agnal on lead 20b. Using the above example, if the soisor 20 has 

15 an ouQ)ut signal that varies between 3 and 9 volts, then the voltage on lead 20a is 
set to be less than 3 volts while the voltage on lead 20c is set to be always greater 
than 9 volts. In the prrferred embodiment, the voltages on leads 20a and 20c are 
calibrated such that the expected range of output signal voltages on lead 20b is 
80% of the difference between the voltages on lead 20c and 20a. In the present 

20 example, the voltage on lead 20a is set at 2.25 volts while the voltage on lead 20c 
is set at 9.75 volts (9 - 3 is 80% of 9.75 - 2.25). The voltages on leads 20a 
and 20b can be set at any percentage of the expected range of the output signal of 
sensor 20, so long as the receiver circuit is designed to accommodate tiie selected 
percentage parameter interpreting the ratio of the times at which the light 

25 pulses are salt 

FIGURE 3 is a timing diagram showing a pulse time modulation technique 
according to the present invention. A voltage Vi is rq)resentative of the fixed 
voltage on lead 20a of the sensor 20 (shown in FIGURE 1), a voltage V2 is 
representative of the output signal of the sensor, and a voltage V3 is representative 

30 of the fixed voltage on lead 20c. A linearly varying voltage agnal Vc begins at a 
levd lower than the magnitude of voltage Vi and increases until it exceeds the 
magnitude of voltage V3. In the preferred embodiment, the voltage Vq is 
generated by charging a capacitor with a constant current. Howev», those skilled 
in the art realize that other methods of generating a linearly varying signal could be 

35 substituted. As tiie voltage Vc exceeds the voltage Vi, ttie first pulse 48a is 
transmitted at a time ti. When tiie value of voltage Vc exceeds the voltage V2, 
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the second pulse 48b is transmitted at a time 12- FinaUy, when voltage Vc exceeds 
voltage V3, the third pulse 48c is transmitted at a time 13. 

The magnitude of voltage V2 ^.e- output signal of the sensor) in 
FIGUSE 3 is shown, for illustrative pmposes, as being equal to 60% of the 
5 sensor's maximum output signal value. The time at which the second pulse 48b is 
transmitted is 5895 of the time between when the first pulse transmitted at time ti 
and when a third pulse transmitted at time 13. Because of the levels at which die 
voltages Vi and V3 are set, if die output signal of the sensor is at a minimum, flie 
second pulse 48b is transmitted at timet2 tiiat occurs when 10% of the time 

10 interval between flie transmission of tiie first and tiiird pulses has elapsed. 
Similarly if die output signal of the sensor is a maximum, the second pulse is 
transmitted at a time t2 occurring when 90% of the time interval between the 
transmission of die first and tiiird pulses has elapsed. Thus, an output signal 
having a value of 60% of die maximum sensor output is transmitted at a time t2 

15 occurring when 58 % of flie time interval between die transmission of die first and 
third pulse has el^sed and not at 60% of die time interval. However, die time of 
flie second pulse in relation to die times of die first and durd pulses can be adjusted 
by changing the values of die fixed voltages Vi and V3. As will be described 
below, a receiver circuit (shown in FIGUIIE 4) decodes die time at which die 

20 second pulse was transmitted in respect to die times of die first and die tiiird pulses 
to detennine a value for the saisor ou^ut signal. 

It will thus be understood tiiat die absolute time at which the second pulse is 
transmitted is not important; instead, die ratio of die time after die first pulse at 
which die second pulse is transmitted and tiie time interval between die first and 

25 diird pulses is indicative of die output signal of die sensor. Therefore, it is not 
necessary for die time base of die present system to remain accurate. Hie 
transmitter circuit 10 shown in FIGURE 1 can be manufactured in a hennetically 
sealed canister and placed at a remote location in an aircraft so fliat it need not be 
compensated for variations in temperatiue or humidity tiiat might otiirawise afBsct 

30 flieaccura<y of flie sensor system. Variations in die slope of die linearly varying 
signal Vc due to tiiermal conditions, do not effect tiie accuracy of die sensor 
transmitter, because the ratio of time at which die pulses are transmitted remains 
ratiometricafly constant Akhough die signal Vc is shown witii a positive slope 
beginning at a level less flian die magnitode of die voltage Vi and extending to a 

35 level greater dian die magnitude of voltage V3, diose skilled in die art will realize 
fliat a linearly varying signal having a downward slope, extending firom a level 
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above V3 to a level below Vi could be substituted without affecting the accuracy 
of the present invention. 

FIGURE 4 is a block diagram of a receiver circuit shown generally at 50. 
The receiver circuit 50 receives the light pulses transmitted from the sensor 
5 transmitter 10 (shown in FIGURE 1) and produces a digital signal that corresponds 
to the output signal of the remote sensor. In the preferred embodiment, the 
receiver circuit is multiplexed to receive pulses from a plurality of remotely- 
located sensor circuits. A detector/pre-amp comparator 52 receives the light pulses 
transmitted from the sensor on the fiber optic cable 47 and compares them to a 

10 predetermined noise threshold. If the signals received exceed the threshold, 
comparator 52 provides a pulsed output signal on a lead 54 that corresponds to the 
light pulses received. The signals on lead 54 are coupled to a pair of pulse 
conditioning circuits 56 and 58. Pulse conditioning circuit 56 comprises a one-shot 
circuit that squares up the rising and falling edges of the pulses received on lead 54 

15 and increases their length from approximately 100 nanoseconds to 
300 nanoseconds. The pulse conditioning circuit 58 generates a pulse 61 having a 
duration of approximately 40 microseconds that begins upon receipt of the first 
pulse 48a; pulse 61 is conveyed on a lead 62. 

The pulses placed on a lead 60 by the pulse conditioning circuit 56 are 

20 applied to the "clock input" pin of an 8-bit shift register 64. The "data-in" pin of 
shift register 64 is tied to a logic high voltage so that upon receipt of each pulse on 
lead 60, a logic 1 bit is shifted one place through the register. Connected to the 
output of shift register 64 are three sample and hold circuits 70, 72, and 74. A 
lead 64a couples the sample and hold circuit 70 to the zeroth bit position of shift 

25 register 64. A lead 64b couples the sample and hold circuit 72 to the first bit 
]>osition of the shift regista 64, and a lead 64c couples the sample and hold 
circuit 74 to the second bit position of shift register 64. Sample and hold 
circuits 70, 72, and 74 track a linearly varying voltage signal supplied on a lead 68 
by a voltage ramp generator 66. The voltage ramp generator 66 begins producing 

30 the linearly varying voltage signal upon receipt of the leading edge of the pulse 61 
on a ramp enable lead 63. As the logic I's are shifted through shift register 64 
^ with the receipt of each of the pulses 48a, 48b, and 48c from the transmitter, each 

of the sample and hold circuits 70, 72, and 74 samples the linearly varying voltage 
♦ signal on lead 68. The sample and hold circuit 70 samples a voltage V'l, while 

35 the sample and hold circuits 72 and 74 sample voltages V2 and V'^, respectively. 
A math processor block 76 receives the sampled voltages from the sample and hold 
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drcuits 70, 72, and 74 on leads 71, 73, and 75, respectively. Math processor 
block 76 scales the sampled voltages according to the following equation: 

Sensor value = ((V2 - V'l) - 0.1(V3 - V'l) )/ 0.8(V3 - V'l) Bq. 1 

Equation 1 scales the voltages sampled by sample and hold circuits 70, 72, 
and 74 between 0-100% such that if V2 is 10% of V'3-Vi, the sensor value 
equals 0%, or if V2 is 90% of V3-V1, the sensor value equals 100%. Equation 
1 serves to "undo" the offset created by the initial caHbration of Vi and ¥3^ as 
10 described above. This offset calibration is added so that a sensor output signal 
of 0% or 100% can be transmitted without requiring the second pulse to overlap 
either the first and third pulses. If Equation 1 is appUed to the pulses shown in 
FIGUKB 3, a value of 60% is obtained, which is equal to the normalized ojstpat 
signal of the sensor. The circuits that comprise math block 76 are more fiiUy 

15 described below. 

An analog-digital (A/D) converter 82 receives an ou^ut signal ftom math 
processor block 76 on a lead 78 and a reference signal on a lead 79. A/D 
converter 82 converts the ratio of the signal on lead 78 to the signal on lead 79 
ftom an analog signal to a 12-bit digital word that is transmitted to a line driver 86 

20 over a lead 84. line drivCT 86 transmits the digital word on a data bus 92 to a 
microprocessor (not shown). An out of range circuit 94 also receives an "out of 
range Oow)" signal ftom math processor block 76 on a lead 80 and an "out of 
range (high)" signal on a lead 81. In a preferred embodiment, if a signal on 
lead 80 or 81 indicates that the output value of sensor 20 is less than 0% or greater 

25 than 100% of the expected output signal range of the sensor 20, the out of range 
circuit 94 sends a one-bit signal on a lead 96 that indicates the ouq)ut signal of 
sensor 20 is out of range. A data vaUd circuit 88 is coupled to third bit position of 
shift register 64 by a lead 64d. The data valid circuit 88 determines if more than 
three clock pulses are recaved by shift register 64 in a predefined time interval, 

30 and produces a logic 1 ou^ut on a lead 90 when the shift register recaves a fourth 
dock input on lead 60. The data valid circuit 88 is also coupled to the "enable" 
pin of line dnverBS, so that if the data is invalid, the line driver dtcuit is not 
enabled and the erroneous 12-bit word is not transmitted on data bus 92. 

menSE 5 shows a schematic diagram of the math block 76 illustrated in 

35 FIGDBE4. Math block 76 receives a signal V'l on lead 71, a signal V'2 on 
lead 73 and a signal V3 on lead 75. A summation block 100 subtracts the signal 
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on lead 71 from the signal on lead 73. Similarly, a summation block 104 subtracts 
the signal on lead 71 from the signal on lead 75. The output of summation 
block 100 is coupled to a summation block 114 by a lead 102. The output of 
summation block 104 is coupled to a resistor divider network by a lead 106. The 
5 resistor divider network comprises six resistors Ri, R2, R3, R4. 2nd R^. The 
resistance ratio of resistors Rj to R2 is such that the voltage on a lead 112 is equal 
to .8 (V'3 - V'l). The resistance ratio of resistor R3 to resistor R4 is such that the 
voltage on a lead 110 is equivalent to 0.9 (V'3 - V'l). Finally, the resistance ratio 
of resistor R5 to resistor R5 is such that the voltage on a lead 108 is equal to 

10 0.1 (V3-V1). 

Summation block 114 subtracts the signal on lead 108 from the signal on 
lead 102. The output of summation block 114 (V'2 - V'l) - 0.1 (V'3 - V'l) is 
placed on lead 78, which is coupled to the input of the A/D converts 82 (shown in 
FIGURE 4). Two comparator circuits 116 and 118 determine if the output signal 

15 of the soisor is within an acceptable range. Coupled to an inverting input of 
comparator 116 is the signal on lead 102. Coupled to the noninverting input of 
comparator 116 is the signal on lead 108. If the value of 0.1 (V3 - V'l) exceeds 
the value of (V'2 - V'l) then comparator 116 places an "out of range (low)" signal 
on lead 80. Similarly, comparator 118 determines if the output signal of sensor 20 

20 exceeds the acceptable range. Coupled to the inverting input of comparator 118 is 
the signal on lead 110 and coupled to the noninverting input of cotnpaxaxot 118 is 
the signal on lead 102. If the value (V'2 - V'l) exceeds the value of 0.9 (V'3 - 
V'l), then comparator 118 places an "out of range (high)" signal on lead 81. If 
the signal on either lead 80 or 81 goes high, out of range circuit 94 sends a 1 bit 

25 signal on lead 96 that indicates the ou^ut value of sensor 20 is out of range. The 
signal on lead 79, 0.8 (V'3 - V'j), is coupled to the referraice input of A/D 
converter 82 (shown in FIGURE 4) so that the output value of A/D convoter 86 is 
proportional to the ratio set forth in Equation 1. 

While the preferred embodiment of the invention has beoi illustrated and 

30 described with respect to sensors used in the aircraft industry, the present invention 
is not limited to use in an aircraft control system. This method and apparatus can 
be used in any control system where it is necessary to transmit information from a 
■ remotely located sensor to a central computer. 

Furthermore., although the present invention has been illustrated with 

35 respect to tiie preferred embodiment, it will be appreciated fliat various changes 
can be made without dq}arting from the spirit and scope of the invoition. For 
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example, as an alternative to the recaver circuit shown in FIGDKE3, a 
microprocessor having internal timing circuits can process the times at which the 
three pulses transmitted from LED drive- 46 on fiber optic cable 47 are received. 
The microprocessor can easfly be programmed to compare the time between first 
5 pulse 48a and the second pulse 48b with the time between the first pulse 48a and 
the third pulse 48c and thereby ratiometrically determine the value of the output 
signal of the sensor. Additionally, those skiUed in the art wiU realize that more 
than one pulse could be transmitted in order to convey the value of the output 
signal ftom more than one sensor according to the method described above. 
10 Therefore, it is intended that the scope of the present invention be determined only 
by reference to the following claims. 
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The embodiments of the invention in which an exclusive property or 
privilege is claimed are defined as follows: 

1. A method of transmitting information indicative of an ou^ut signal 
of a sensor to a remote location, the method comprising the steps of: 

determining times for transmitting each of a first signal, a second signal, 
and a third signal to the remote location, wherein the time at which the second 
signal is to be transmitted and the times at which the first and third signals are 
transmitted are ratiometrically related to the value of the output signal of the 
sensor; and 

transmitting the first signal, the second signal, and the third signal to the 
remote location at the times thus determined. 

2. The method of Qaim 1, wherein the step of transmitting the first, 
second and third signals comprises the steps of: 

transmitting a first pulse at a time tj; 
transmitting a second pulse at a time t2; 
transmitting a third pulse at a time t3^; and 

wherein a ratio of a time interval (t2 - ti) to a time interval - ti) is 
indicative of the output signal of the sensor. 

3. The method.of Claim 2, further comprising the steps of: 
generating a reference signal that varies between a first predefined limit and 

a second predefined limit; 

comparing the reference signal to the first predefined limit, to the output 
signal of the sensor, and to the second predefined limit; and 

wherein tfie step of transmitting the first pulse is done when the referrace 
signal is substantially equal to the first predefined limit, the step of transmitting the 
second pulse is done when the reference signal is substantially equal to the output 
signal of the sensor, and the step of transmitting the third pulse is done when the 
reference signal is substantially equal to the second predefined limit. 

4. The method as in Claim 3, wherein the step of generating a 
reference signal comprises the step of; 

producing a varying signal having a magnitude that varies in a predefined 
manner between the first and the second predefined limits. 
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5. The method of Claim 3, wherein the first predefined limits is 
substantiaUy less than a minimum sensor value by a predefined fraction of a 
difference betweai flie first and second predefined limits. 

6. Hie method of Claim 3, wherein the second predefined limit is 
substantially greater than a maximum sensor output value by a predefined fraction 
of a difference between the first and second predefined limits. 

7. A method for transmitting information indicative of an output signal 
of a sensor to a remotely located receiver, the method comprising: 

transmitting a first pulse to the remote receiver at a time ti; 
transmitting a second pulse to the remote receiver at a time t2; and 
transmitting a fliird pulse to the remote receiver at a time ty, 
wherein the ratio of the time intervals (t2-ti)/(t3-tl) is proportional to the 
output signal of die sensm. 

8. The method according to Claim 7, further comprismg the steps of: 
generating a linearly varying reference signal that varies between a first 

predefined limit and a second predefined limit; 

sampling the output agnal of the sensor; and 

comparing the reference signal to the first predefined limit, to the output 
signal of the saisor, and to the second predefined limit; 

wherein the first pulse is transmitted when the reference signal is 
substantiaUy equal to the first predefined Kmit, the second pulse is transmitted 
when tiie reference signal is substantiaUy equal to the output signal of the sensor, 
and the tiiird pulse is transmitted when the reference signal is substantiaUy equal to 
the second predefined limit 

9. Apparatus for transmitting an output signal of a sensor to a remote 
lecebra circuit, wheran a magnitude of tiie output signal lies between a minimum 
value and a maximum value, comprising: 

means for determining a first time, a second time, and a tiiird time at which 
correspon(fing first, second, and tiiird agnals are transmitted to tiie remote 
receiver; 
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means for transmitting the first signal, the second signal, and the third 
signal to the remote receiver, wherein the times at which the first and third signals 
are transmitted are predefined, and the time at which the second signal is 
transmitted is a function of the value of the ou^ut signal of the sensor. 

10. The apparatus as in Claim 9, wherein the means for transmitting the 
first, second, and third signals comprises: 

means for transmitting a first pulse at a time tj, a second pulse at a time t2, 
and a third pulse at a time t3; 

wherein the means for determining the times for transmitting the first, 
second, and third pulses selects those times so that a ratio of a time interval 
(t2 - ti) to a time interval (t3 - ti) is indicative of the magnitude of the ouQ>ut 
signal of the sensor. 

11. The apparatus as in Claim 9, further comprising: 

a signal generating circuit for producing a reference signal that varies 
between a first predefined limit and a second predefined limit in a predefined 
manner; and 

a comparator circuit for comparing the reference signal to a first predefined 
limit, to the output signal of the sensor, and to a second predefined limit, wherein 
the comparator circuit is coupled to the means for transmitting such that the means 
for transmitting fransmits the first signal when the reference signal is substantially 
equal to the first predefmed limit, transmits the second signal when the reference 
signal is substantially equal to the output signal of the sensor, and transmits the 
third signal when the reference signal is substantially equal to the second 
predefined limit. 

12. The apparatus as in Claim 9, further comprising: 

a fiber optic cable that extends between the sensor and the remote receiver 
circuit, wherein the first, second, and third signals are transmitted on the fiber 
optic cable. 

13. The apparatus as in Claim 11, wherein the first predefined limit is 
substantially less than minimum sensor value by a predefined fraction of a 
difference between the first and second predefined limits. 
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14. The apparatus as in Claim 11, wherdn the second predefined limit is 
substantially greater than a maximum sensor value by a predefined fraction of a 
difference between the first and second predefined limits. 

15. The apparatus as in Claim 10, wherein the remote recdver drcuit 
comprises: 

means for receiving the first, second, and third pulses; and 

means for computing a ratio of a time interval between times at which the 

first and the second pulse are recdved to an interval between times at which die 

first and diird pulses are received. 

16. The apparatus as in Claim 15, wherein the means for computing the 
ratio comprises: 

means for producing a second varying reference signal that varies in the 
predefined manner upon the receipt of the first pulse; 

means for obtaining a first sample of the second varying reference signal at 
a time substantially coincident with the receipt of the first pulse, a second sample 
of the second varying reference signal at a time substantiaUy coincident with the 
receipt of the second pulse and a third sample of the second varying reference 
signal at a time substantiaUy coinddent with the receipt of the third pulse, wherein 
a magnitude of a difference between the first sample and the second sample and a 
magnitude of a difference between the first and third samples is ratiometrically 
related to the ou^ut signal of the sensor. 
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